We have computed adsorption (binding) energy of Al atom over the various points of the stepped Si(332) surface and have built potential energy map as seen by Al adatom over the surface. The binding energy of adatom was found to be the largest over two broad regions in the middle of terrace and having the values of −5.66 eV and −5.42 eV. Such broad potential minima form two valleys where the adatom may diffuse along the terrace overcoming energy barriers of 0.2 eV. Meanwhile, the activation energy needed for the adatom to diffuse from one terrace to another is 2.14 eV. It is expected that Al adatoms diffuse along these valleys during epitaxial growth before slowing down and attaching themselves to the terrace steps. In the vicinity of terrace step the adsorption energy calculated taking into account additional relaxation of surface Si atoms due to interaction with Al adatom has the value of −5.67 eV. Calculations of the relaxation of the stepped Si(332) surface and of adsorption energies of Al adatom were performed in the framework of density functional theory. Formation of periodically ordered nanoscale atomic structures is among the goals of modern technology. Potential tool for achieving this goal is the use of stepped crystalline surface as a template for selforganized growth of periodic atomic clusters or onedimensional chains. According to the classical model of crystal growth during a constant flux of atoms they overpass the surface terraces and are adsorbed there. That was demonstrated experimentally [1] . At relatively high temperatures adatoms can diffuse on the terraces until they are desorbed back to the gas or approach a step edge where they are captured and localized. At intermediate temperatures the formation of atomic islands occurs when few adatoms meet together. If one chooses the sort of adatoms which will crystallize into material having very different lattice constant compared to the substrate one, then one may expect that adatomic islands will not coalesce into homogenous overlayer. This was a basic idea succesfully applied earlier to grow nanoclusters of PbS, CdSe, and ZnSe on Si surface [2] . Recently much of experimental and computational effort is devoted to the study of metallic element atom adsorption. Usually metal atom impurities are used to form the deep enegy levels in the band gap of bulk semiconducors. For the same reason it is expected that the nanosize formations of metal atoms could lead to a narrow bunch of energy levels or even band (in case of nanowires) deep in the energy band gap of a semiconductor. That would suggest many new interesting opportunities for inventing new optoelectronic devices.
Formation of periodically ordered nanoscale atomic structures is among the goals of modern technology. Potential tool for achieving this goal is the use of stepped crystalline surface as a template for selforganized growth of periodic atomic clusters or onedimensional chains. According to the classical model of crystal growth during a constant flux of atoms they overpass the surface terraces and are adsorbed there. That was demonstrated experimentally [1] . At relatively high temperatures adatoms can diffuse on the terraces until they are desorbed back to the gas or approach a step edge where they are captured and localized. At intermediate temperatures the formation of atomic islands occurs when few adatoms meet together. If one chooses the sort of adatoms which will crystallize into material having very different lattice constant compared to the substrate one, then one may expect that adatomic islands will not coalesce into homogenous overlayer. This was a basic idea succesfully applied earlier to grow nanoclusters of PbS, CdSe, and ZnSe on Si surface [2] . Recently much of experimental and computational effort is devoted to the study of metallic element atom adsorption. Usually metal atom impurities are used to form the deep enegy levels in the band gap of bulk semiconducors. For the same reason it is expected that the nanosize formations of metal atoms could lead to a narrow bunch of energy levels or even band (in case of nanowires) deep in the energy band gap of a semiconductor. That would suggest many new interesting opportunities for inventing new optoelectronic devices.
In order to get a deeper understanding of epitaxial growth of metal clusters, we have chosen to study Al atom behaviour on a stepped Si surface. A stepped silicon surface Si(332) was chosen as a substrate. Si(332) surface is vicinal to Si(111) plane. It has about 10 degrees slope and contains five atoms across the terrace width, as shown in Fig. 1 . To model crystalline surface one takes a superlayer of few atomic layers and a vacuum region. Such a superlayer is periodic both in perpendicular and parallel to the surface directions. An elementary supercell of thus chosen superlayer in our case contains 44 Si atoms and is shown in Fig. 2 .
At first we performed calculations to find the relaxed equillibrium atomic positions of the surface. Only four atomic monolayers at the boundary with vacuum were allowed to relax. The equillibrium configuration of the relaxed surface atoms is shown in Fig. 3 . Computation of relaxed structure was performed until convergence of atomic forces to the value of 0.1 eV/Å was reached.
Then we approached Al atom to such a relaxed surface at the surface point (x, y) and, by altering its distance to the surface, were looking for the minimum total energy of the system. Knowing this minimal energy of Al+Si(332) system we subtracted energies of separate Al atom and Si(332) surface and thus obtained adsorption (binding) energy of Al atom at the surface point (x, y).
To calculate a total energy of the atomic system we applied density functional theory and used computer code fhi96md [3] . The exchange-correlation potential was taken after Ceperley-Alder [4] , the electron-ion interactions were described by pseudopotentials given in [5] . The electronic wave functions were expanded in a plane wave basis set with the kinetic energy cutoff equal to 20 Ry. Due to a large amount of com- putations we had to simplify our calculations. Usually density functional calculations are performed until convergence of the Kohn-Sham equations is reached. We did this procedure only twice. At first it was done in the calculations of surface relaxation. Then, in order to obtain the adsorption energies at various points of adatom above the surface, we simplified the calculations as follows: electron density was not calculated self-consistently but was obtained from the atomic orbitals in tight-binding approximation and was further used to calculate the total energy of the system. By doing this one can obtain only an approximate form of the adsorption energy map -define its minima, saddle, and maxima points, but not the exact energy values. After these calculations we found that the largest binding energy of Al adatom is at the point A(x, y) = (1.91, 2.15) (in Å) in the middle of the terrace (Figs. 1 and  3) . Only for this point we then performed full electron density convergence calculations and obtained the binding energy value of −5.66 eV. Then we shifted already obtained adsorption energies at the other (x, y) points in such a way that the energy map had an absolute minimum at the point A with the binding energy of −5.66 eV. In addition, the further relaxation of surface silicon atoms due to interaction with Al adatom was not taken into account. Therefore the results of such a simplified calculation are valid only at high temperatures when the kinetic energy of adatom is large and it moves fast on top of the surface without stopping anywhere and has not enough time to induce significant surface structure changes. Thus obtained adsorption energy map is shown in Figs. 4 and 5. Such a map of adsorption energy can be treated as a potential energy surface for Al adatom above the Si(332) surface. It tells us that during epitaxial growth Al atoms most likely will condense at the places of potential energy minima at the points A(x, y) = Both potential minima at A and B points are broadly extended and form some sort of valleys, where the adatom may diffuse along the terraces overcoming 0.2 eV energy barriers. In contrast, to diffuse up or down to the next terrace the atom has to overcome 2.1 eV energy barrier.
Another feature of potential energy surface is a sharp adsorption energy minimum located in the vicinity of the terrace step at the point C. Unlike the energy minima at A and B points the minimum around C point is localized and may form the suitable spot where the atom may attach itself. To check whether this could really happen at low temperatures, when the adatom looses its kinetic energy and may stay for a longer time to induce the structure changes of the surface atoms, we have performed one more self-consistent calculation allowing the silicon atoms in the vicinity of Al atom to relax. In that case the adsorption energy is significantly lowered, contrary to the case when the surface silicon atoms are fixed, and now has the value of −5.67 eV. As illustrated in Fig. 6 , Al atom in this case comes into strong covalent binding with the edge silicon atoms.
This energy value has to be compared with the adsorption energy at the point A in the middle of the terrace step computed again taking into account relaxation of the surface atoms due to interaction with Al atom. Now the situation changes to the opposite: the adsorption energy in the middle of the terrace is −5.51 eV, which means that here the adatom and surface bond is weaker than at the terrace step where adsorption energy is −5.67 eV (recall that the values of adsorption energies have been −5.66 eV in the middle of terrace and −4.69 eV at the edge of terrace without taking into account Si atoms interaction with Al adatom). Therefore as a conclusion we suggest that the reconstruction of the crystal lattice is an important factor for the adatom migration on the terrace to the terrace step, as it has been experimentally demonstrated in [1] .
